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Abstract

For more than 20 years, a plethora of research has been conducted on the discounting of delayed
rewards. In contrast, there has been relatively little research on the discounting of delayed
aversive outcomes (e.g., monetary losses). The present study examined the discounting of
delayed hypothetical gains and losses by 55 college undergraduates at two monetary amounts,
$1,000 and $25,000. A simple hyperbola generally provided very poor fits to the data. In
contrast, a hyperboloid provided much better fits to the discounting of all outcomes, and its
exponent was frequently less than unity. Although the rate of discounting was greater for the
small gain than for the large gain (i.e., a magnitude effect), the rate of discounting the small and
large loss was not significantly different. This differential effect of amount resulted in a gain-loss
asymmetry at the small amount (i.e., small gains discounted more than small losses), but not at
the large amount (i.e., large gains discounted similarly to large losses). Collectively, these
findings suggest that similar, but separate processes underlie the discounting of delayed gains
and losses.
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Hyperboloid Discounting of Delayed Outcomes: Magnitude Effects and the Gain-Loss
Asymmetry
In general, people prefer immediate rewards to delayed rewards. Furthermore, when
choosing between two delayed rewards people tend to prefer rewards that are less remote in time
than rewards that are more remote. The concept of delay discounting captures this empirical
regularity by stating that the subjective (present) value of a reward decreases systematically as
the delay until its receipt increases. Rachlin, Raineri, and Cross (1991) described a
psychophysical-like procedure for determining the subjective value of delayed rewards. By
presenting participants with a series of repeated choices between smaller-immediate and largerlater hypothetical monetary rewards, they were able to determine a delay-discounting function
for each participant. Rachlin et al. (1991) found that compared with a standard exponential
model, a hyperbola better described the discounting of delayed rewards:
V = A/(1+kD),

(1)

where V is the subjective value of the delayed reward (i.e., point of indifference between the
smaller, sooner and larger, later reward), A is the amount of the delayed reward, k is an estimate
of the discount rate, and D is the time until the delayed reward (Mazur, 1987). This hyperbola
equation accounted for as much as 99% of the variance at the group level.
The general procedure reported by Rachlin et al. (1991) has since been used in numerous
studies, constituting a healthy area of research in behavior analysis and behavioral economics
(McKerchar & Renda, in press). This literature also appears to have implications for how we
conceptualize and treat impulsive and risky behavior (see Madden & Bickel, 2010).
Nevertheless, the overwhelming majority of this research has been concerned with the
discounting of rewarding outcomes (e.g., monetary gains). In contrast, relatively few studies
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have been conducted on the discounting of aversive (negative) events, such as monetary losses.
When an individual chooses among alternatives that differ in delay, the choices are presumably
governed not only by the amount of the reward associated with each alternative (as in a typical
gains task), they are also likely governed by the losses associated with each alternative (e.g.,
purchasing an item results in a tangible gain, but also a monetary loss). Therefore, an adequate
and thorough account of choice and decision-making will need to incorporate findings not only
on the discounting of gains, but also the discounting of losses.
Just as the subjective value of a reward decreases as the time until its receipt increases,
the subjective value of a loss also decreases systematically as a function of the time until its
occurrence. This implies that the aversiveness of a loss decreases as the time until its occurrence
increases (see Lerman, Addison, & Kodak, 2006, for an applied demonstration). The relatively
few studies that have been conducted on the discounting of delayed losses have used procedures
comparable to those commonly used to estimate the subjective value of delayed rewards (Du,
Green, & Myerson, 2002; Johnson & Bickel, 2002; Rachlin et al., 1991). However, instead of
participants repeatedly choosing between smaller-sooner and larger-later monetary gains, they
choose between smaller-sooner and larger-later monetary payments. Murphy, Vuchinich, and
Simpson (2001) found that relative to an exponential discounting model, the hyperbola (Equation
1) provided a better fit to the discounting of $500 delayed losses at the group and individual
levels. Despite this, however, the fit of the hyperbola to these data were generally poor, capturing
only 58% of the variance at the group level. Furthermore, the hyperbola was unable to account
for a positive proportion of the variance (i.e., R2 > .00) for 15 of the 28 participants.
Green and Myerson (2004) proposed a generalized version of the hyperbola to describe
the discounting of delayed gains as well as losses:
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(2)

Equation 2 is a hyperboloid in which the exponent s may represent the psychophysical and
nonlinear scaling of amount and time (see Myerson & Green, 1995, for a derivation). When s
equals 1.0, Equation 2 is identical to Equation 1. However, when s is less than 1.0, the subjective
value of an outcomes declines more rapidly across short values of D and less rapidly across long
values of D than is predicted when s equals 1.0. The results of a number of studies on the
discounting of delayed gains indicate that the hyperboloid often provides a substantially better fit
to the data than a simple hyperbola. Furthermore, the value of the exponent in the hyperboloid, s,
is often significantly less than 1.0 (see Green & Myerson, 2004, for a review). Although these
findings strongly support the necessity of an exponent to describe the discounting of delayed
gains, to date relatively few studies have applied this model to the discounting of losses. Estle,
Green, Myerson, and Holt (2006) and Ostaszewski and Karzel (2002) found that the hyperboloid
provided a very good description of the losses data at both the group and individual level (see
Green and Myerson, 2004, for a reanalysis of the data from Murphy et al., 2001). Furthermore,
the corresponding values of the exponent, s, were frequently less than 1.0.
One aim of the present study is to compare the relative fits of the hyperbola and the
hyperboloid to the discounting of both delayed gains and losses. Furthermore, we examine the
corresponding estimates of the s parameter from the hyperboloid to consider the implications that
such findings may yield. Psychophysical scaling of various stimulus modalities (e.g., heaviness,
brightness, loudness) is well described by a power function in which the value of its exponent
describes the degree to which changes in the physical magnitude of a stimulus correspond to
changes in its perceived (subjective) magnitude (Stevens, 1957, 1975). When the exponent of the
power function is less than unity (1.0), as predicted by the law of diminishing marginal utility,
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successive increases in the physical quantity of a stimulus produce increasingly smaller increases
in their perceived magnitude. This is nonlinear scaling. Furthermore, psychophysical scaling
principles predict that within a particular stimulus dimension the exponent of the power function
should be invariant with the amount being scaled. Thus, although the perceived magnitude of a
stimulus will change with its physical intensity, the exponent should remain unchanged because
the exponent represents an invariant value describing this relation. Therefore, if s from the
hyperboloid represents psychophysical scaling, its value should not change significantly with
changes in the amount of an outcome (Myerson, Green, & Morris, 2011). Several studies have
shown that, indeed, the s parameter is invariant with the amount of the delayed reward (e.g.,
McKerchar, Green, & Myerson, 2010); however only Estle et al. (2006) have investigated the
effects of amount on s with delayed losses. They found that s did not vary significantly with the
amount of the loss, providing initial support for the idea that the discounting of delayed losses is
governed, at least in part, by psychophysical scaling. Nevertheless, given the current dearth of
support for a psychophysical scaling interpretation of losses, we investigate this issue in the
present study by examining the effect of amount on the value of the exponent in the hyperboloid.
Although it is well established that small gains are discounted more than large gains, a
finding known as the magnitude effect, whether a similar effect is obtained with delayed losses
has not been clearly established. Mitchell and Wilson (2010), for example, found no difference
in the rate of discounting $10 and $100 delayed losses. On the other hand, Ostaszewski and
Karzel (2002) reported that a $200 loss was discounted significantly more than a $5,000 and
$30,000 loss. Using a monetary range between $100 and $60,000, Estle et al. (2006) found that
amount had small and unreliable effects on delayed losses. Determining whether amount has
differential effects on gains and losses is important not only because it improves our
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understanding of the magnitude effect, it also informs our understanding of the “gain-loss
asymmetry” whereby rewards are discounted more steeply than losses (Thaler, 1981). This is
because if a magnitude effect occurs for gains but not losses, then the gain-loss asymmetry will
depend on the amount of the outcome. Indeed, Estle et al. (2006) reported that at small (e.g.,
$100) amounts, delayed gains were discounted substantially more than delayed losses, but at
large (e.g., $60,000) amounts there was no significant difference between the discounting of
gains and losses. Given that an amount-dependent gain-loss asymmetry has only been reported in
one study, we revisit this issue in the present study.

Method
Participants
Fifty-five college undergraduates (29 female) were recruited from an introductory
psychology course at Jacksonville State University in Northeast Alabama. All students
completed the procedures simultaneously in a mid-size classroom (approximately 90 seats) at the
beginning of a regularly scheduled class meeting. The mean age of participants was 20.2 years
and the mean years of education was 13.4. Students were compensated with course extra credit.
The university’s Institutional Review Board approved study procedures prior to their conduct.
Procedure
All participants completed a 29-page packet requiring them to make repeated choices
between immediate and delayed monetary gains and losses at two amounts ($1,000 and
$25,000). Each packet contained four separate series of questions that corresponded to each
combination of amount and sign tested: $1,000 gain, $25,000 gain, $1,000 loss, and $25,000
loss. The packets were arranged a priori so that the order of the four conditions within a packet
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was counterbalanced across participants. For each participant, the first page of the packet was
identical and asked questions about general demographics (e.g., age, gender, income). For the
participants first exposed to a gains task ($1,000 or $25,000), the following instructions were
provided at the top of the second page:
Imagine you have a choice between RECEIVING two amounts of money. One of the
choices indicates an amount of money to be RECEIVED immediately and the other
option indicates an amount of money to be RECEIVED at a later date. Although you will
not RECEIVE any money based on the choices you make here today, I ask that you make
your decisions as if you were really going to RECEIVE the money you choose. I do not
expect you to choose one particular money option over the other. Just choose the one that
you would rather RECEIVE. The decisions you make here will be kept completely
confidential. Please just answer honestly, and not the way you think I want you to
answer.
Instructions for participants who were first exposed to a losses task were identical to the
gains tasks, except the words PAYING, PAID, and PAY replaced every instance of
RECEIVING, RECEIVED, and RECEIVE, respectively. Below these instructions were 25
questions involving hypothetical choices between an immediate outcome (e.g., receive $10 now)
and an outcome after some delay (e.g., receive $1,000 in 1 day). The precise amounts of the
immediate outcomes were a proportion of the fixed, delayed amount ($1,000 or $25,000): 0.010,
0.025, 0.050, 0.075, 0.100, 0.150, 0.200, 0.250, 0.300, 0.350, 0.400, 0.450, 0.500, 0.550, 0.600,
0.650, 0.700, 0.750, 0.800, 0.850, 0.900, 0.950, 0.975, 0.990, and 1.000. For 26 (47%)
participants, the amount of the immediate outcome increased across the 25 choices; for 29 (53%)
participants, the amount of the immediate outcome decreased across the 25 choices. Each
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subsequent page within a task was identical, with the exception that the delay until the outcome
changed. Seven delays were used for each combination of magnitude and sign: 1 day, 1 week, 1
month, 6 months, 1 year, 5 years, and 25 years. Delays were always presented in ascending
order. This paper-and-pencil questionnaire was modeled after that used by Jones and Rachlin
(2006) and Rachlin and Jones (2008) to obtain delay and social discounting functions in
classroom settings.
Analysis
The method for determining the subjective value of delayed outcomes varied depending
on the sign of an outcome and the order in which the immediate amount was presented (Green,
Fry, & Myerson, 1994; Murphy et al., 2001). In the gains tasks, we determined the subjective
value at each delay by averaging either (a) the amount of the first immediate reward chosen with
the amount of the preceding immediate reward when the rewards were listed in ascending order
or (b) the amount of the last immediate reward chosen with the amount of the subsequent
immediate reward when the rewards were listed in descending order. However, if a participant
either always chose the immediate reward or always chose the delayed reward at a particular
delay in a gains condition, the subjective value was the average of the smallest immediate
amount and zero or the average of the largest immediate amount and $1,010 or $25,250
(depending on amount), respectively. For the losses tasks, we determined the subjective value at
each delay by averaging either (a) the amount of the last immediate payment chosen with the
amount of the subsequent immediate payment when the payments were listed in ascending order
or (b) the amount of the first immediate payment chosen with the amount of the preceding
immediate payment when the payments were listed in descending order. However, if a
participant either always chose the immediate payment or always chose the delayed payment at a
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particular delay in a losses condition, the subjective value was the average of the largest
immediate amount and $1,010 or $25,250 (depending on amount) or the average of the smallest
immediate amount and zero, respectively (Estle et al., 2006). For ease of comparison across
conditions, all subjective values were converted to a proportion of their objective amount. Note
that when calculating a proportion for a loss, a negative value (i.e., subjective value of a loss) is
divided by a negative value (i.e., objective value of a loss), which yields a positive value and
thus permits one to compare gains and losses in the same quadrant.
Equations 1 (hyperbola) and 2 (hyperboloid) were fitted to the group median and each
individual’s subjective values using least-squares nonlinear regression, which provided estimates
of the k and s parameters as well as a goodness-of-fit (R2) measure. We used a t-ratio statistic to
determine whether the exponent (s) of Equation 2 differed significantly from 1.0 at the group and
individual levels (Myerson & Green, 1995). Specifically, the estimate of s was subtracted from
1.0, and divided by the standard error of s. The degrees of freedom needed to identify the critical
value of t at which one can reject the null hypothesis is n – p, where n is the number of data
points (i.e., 7) and p is the number of model parameters (i.e., 2). Thus, the critical value of t at
which we rejected the null hypothesis (that s = 1.0) was ±2.571, with an alpha level of .05. A
Wilcoxon matched-pairs signed-ranks test assessed whether changes in the amount of the
delayed outcome resulted in significant changes in the value of s.
The area-under-the-curve was calculated as a measure of the rate of discounting for each
participant in each condition (Myerson, Green, & Warusawitharana, 2001). To accomplish this,
first, we normalized each delay by converting them to a proportion of the longest delay (i.e., 25
years). Second, we normalized subjective values by converting them to a proportion of the
objective, delayed amount. Finally, the resulting values were entered into the formula:
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(3)

where x2 and x1 refer to successive normalized delays and y1 and y2 refer to the corresponding
normalized subjective values. The sum of each set of possible areas ranges between 0.0 and 1.0
(complete discounting to no discounting, respectively). Because these values tend to approximate
a normal distribution, subsequent analyses on the area-under-the-curve data were conducted
using parametric statistics.
In addition to the p-values associated with traditional null hypothesis significance tests,
we also complement the area-under-the-curve analyses with the prep statistic (Killeen, 2005):
(1 + (p/(1 - p))2/3)-1

(4)

where p is the probability of a difference at least as large as the obtained difference if the null
hypothesis is true (one-tailed). prep is an estimate of the likelihood that an effect of a given sign
will be replicated. As an example, if a particular experimental condition is associated with a
larger mean than a control condition, and if the value of the prep statistic based on this difference
yields .80, then this can be interpreted as meaning that the experimental condition will result in a
larger mean than the control condition in 80% of attempted replications (assuming the same
number of participants and a reasonable amount of homogeneity among procedures and
participants). Importantly, prep is not the probability of replicating an effect size or of replicating
a statistically significant result; it is simply the probability of obtaining an effect of the same sign
with subsequent replications.

Results
Goodness of Fit
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Figure 1 shows the group median subjective values of the small ($1,000) and large
($25,000) amount for delayed gains (top panel) and losses (bottom panel) as a function of the
delay until their occurrence. Table 1 shows the proportion of variance accounted for by
Equations 1 and 2 fitted to the discounting data for each of the four outcomes. At the group
median level, Equations 1 and 2 accounted for a nearly equal proportion of the variance at the
small gain (R2 = .994 and .999, respectively). For the large gain, Equation 1 accounted for 9%
less of the variance at the group level than did Equation 2 (R2 = .886 and .976, respectively).
Regarding the discounting of losses at the group level, Equation 1 provided a poor fit (R2 = .392)
to the discounting of the small amount whereas Equation 2 provided an excellent fit (R2 = .961).
At the large amount of the delayed loss, Equation 1 did not fit the data better than did the mean
of the group median subjective values (i.e., the sum of the squared residuals was greater than the
variance around the mean of the group median values, R2 = .000), whereas Equation 2 accounted
for a substantially higher and large proportion of the variance (R2 = .928). Because Equation 2
provided a superior fit to the data at the group level, the curves in Figure 1 represent Equation 2
fitted to the data.
Regarding fits at the individual level, for Equation 1 there were 16 (29%) cases each at
the small and large gain in which the model was unable to account for the data (R2 = .000). With
respect to losses, there were 29 (53%) and 30 (55%) cases at the small and large amounts,
respectively, in which the R2 = .000. In contrast, Equation 2 provided a better description of the
data at the individual level. At the small and large amount of a delayed gain, there were 8 (15%)
and 12 (22%) cases, respectively, in which the R2 = .000. At the small and large loss, there were
15 (27%) and 19 (35%) cases, respectively, in which the R2 = .000. The finding that Equation 2
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better described the discounting of gains and losses at the individual level is also apparent in the
R2 values obtained from the median of the individuals (see Table 1).
Scaling Estimates
Regarding estimates of the scaling parameter from Equation 2, at the group level, s was
significantly less than 1.0 at both amounts of delayed gains and losses: all t(5)s > 10.53, ps <
.001. The s parameter was significantly less than 1.0 in 30 (55%) and 24 (44%) individuals at the
small and large gain, respectively: all t(5)s > 2.85, ps < .05. At the small and large amount of
delayed losses, 34 (62%) and 30 (55%) participants, respectively, had an s value that was
significantly less than 1.0: all t(5)s > 2.64, ps < .05. No participant had an s value that was
significantly greater than 1.0 at either amount of delayed gains or losses. A Wilcoxon matchedpairs signed-ranks test revealed no significant effect of amount on the values of s for delayed
gains or losses (all ps > .32).
Magnitude Effects and the Gain-Loss Asymmetry
Figure 2 shows the mean area under the curve for each of the four outcomes. A 2
(amount: $1,000 and $25,000) x 2 (sign: gain and loss) repeated measures ANOVA indicated no
main effect of amount (F[1, 54] < 1.0), but a significant main effect of sign (F[1, 54] = 7.73, p =
.02). The estimated probability of replicating the direction of this difference between signs was
very strong (prep = .95). Although the interaction between amount and sign was not significant by
inferential criteria (F[1, 54] = 2.20, p = .14), Figure 2 indicates that the area under the curve was
relatively unaffected by the amount of the loss whereas the area under the curve was smaller for
the small gain than for the large gain, suggesting a magnitude effect for gains but not losses.
Furthermore, the probability of replicating this differential pattern of amount on gains versus
losses was fairly strong (prep = .85). Planned comparisons revealed that the small gain was
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discounted significantly more than the large gain (t[54] = 2.33, p = .02, prep = .95). In contrast,
the rate of discounting the small loss was not significantly different from the large loss (t[54] <
1.0), and the probability of replicating this was weak (prep = .62), indicating that any effect of
amount on the discounting of losses was unreliable. At the small amount, delayed gains were
discounted significantly more than delayed losses (t[54] = 3.36, p = .002, prep = .99), indicating a
gain-loss asymmetry at the small amount; however, at the large amount, there was virtually no
difference between the discounting of gains and losses (t[54] = 1.37, prep = .83), which suggests
that the gain-loss asymmetry is amount-dependent.

Discussion
Two general sets of findings emerged from the present study. First, for all four outcomes
the hyperboloid tended to provide a better fit to the data than the hyperbola. Not surprisingly
then, the scaling parameter of the hyperboloid was significantly different from 1.0. Specifically,
it was significantly less than 1.0 at the group level, and it was also significantly less than 1.0 in a
majority of individuals. Second, we observed a magnitude effect for delayed gains, but not for
delayed losses. This differential effect of amount on gains and losses led to a gain-loss
asymmetry at the small amount, but not at the large amount. Below, we elaborate on each set of
these findings separately.
Limited prior research has shown that a hyperbola provides a better fit to the discounting
of losses than does an exponential model (e.g., Murphy et al., 2001). Ostaszewski and Karzel
(2002) and Estle et al. (2006) found that a hyperboloid provided an excellent fit to the
discounting of losses of various amounts at both the group and individual level. We found that
although a hyperbola provided a fair-to-excellent description of the discounting of delayed
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rewards, it provided a poor description of the discounting of delayed losses. In contrast, the
hyperboloid provided a substantially better fit to the discounting of losses not only at the group
level, but also in more individual participants. Thus, our findings are consistent with numerous
studies showing that a hyperboloid provides a better description of the discounting of delayed
gains than does a simple hyperbola, and it replicates the small number of studies showing that
the hyperboloid provides a very good description of the discounting of delayed losses.
Similarly, the finding that the exponent of the hyperboloid, s, was less than unity at the
group level and in a majority of individual participants is also consistent with numerous studies
conducted on the discounting of delayed gains (Green & Myerson, 2004). However, few studies
have examined values of s from the hyperboloid with the discounting of losses (Estle et al., 2006;
Ostaszewski & Karzel, 2002). Our finding that s is also often less than 1.0 with losses is
consistent with these studies. Furthermore, as first shown by Estle et al. (2006), we found that the
value of s did not change significantly with changes in amount for either gains or losses. This
latter finding has implications for how we conceptualize the process of discounting gains and
losses because a psychophysical scaling interpretation of this parameter predicts invariance with
changes in the amount of the outcome (McKerchar et al., 2009, 2010). Thus, whether the
hyperboloid is describing the discounting of gains or losses, the s parameter may be tentatively
interpreted as representing the exponent from the power function that describes the nonlinear
scaling of amount and time. The validity of this interpretation of course rests, in part, on the
degree to which further experimental work suggests invariance with the amount being scaled.
Following the lead of Myerson et al. (2011), it may be useful to manipulate the amount of
delayed gains and losses over an extremely broad monetary range. If the exponent was invariant
with amount for both gains and losses, this would lend fairly strong additional support to the idea
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that s represents psychophysical scaling whether the hyperboloid is describing the discounting of
gains or the discounting losses.
Although the same psychological interpretation may explain the exponent in the
hyperboloid for both gains and losses, the finding of a significant magnitude effect for gains, but
not losses, suggests that these two types of discounting involve somewhat different underlying
processes. If the same underlying process governed the discounting of gains and losses, then any
effect of amount on one type of discounting should have the same effect on the second type. This
experimental logic has been successfully used to show that delay and probability discounting
represent separate processes—despite their similar qualitative form—and it should apply equally
well in our attempts to discern the nature of losses discounting (see Green & Myerson, 2010).
No matter what we ultimately conclude, our finding of a magnitude effect with delayed
rewards is consistent with numerous other studies (e.g., Green, Myerson, & McFadden, 1997;
Green, Myerson, & Ostaszewski, 1999). The effect of amount on the discounting of losses has
received far less attention. Our finding that the rate of discounting a small loss was not
significantly different than the discounting of a large loss is consistent with findings by Mitchell
and Wilson (2010), who found no difference between the discounting of a $10 and $100
payment. Similarly, Estle et al. (2006) found no consistent effect of amount on the discounting of
losses over a broader monetary range (i.e., $100 – $60,000). On the other hand, Ostaszewski and
Karzel (2002) reported that a small ($200) loss was discounted slightly, but significantly more
than two larger ($5,000 and $30,000) losses. The source of the discrepancy is unclear, but one
possibility is that in the latter study the rate of discounting was estimated from k in Equation 2
(with s constant) whereas in the former two studies as well as in the current study, the discount
rate was based on the area under the curves.
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Because a magnitude effect was observed for gains, but not losses, this led to an amountdependent gain-loss asymmetry (see Figure 2). Estle et al. (2006) were the first to explicate such
an asymmetry. The results of the current study provide the first replication of this and provide
further support that similar, but separate processes underlie the discounting of delayed gains and
losses, despite the fact that a hyperboloid provided a very good fit to the discounting of all four
outcomes. With respect to gains, several accounts have been proposed to explain the discounting
of delayed outcomes in terms of underlying mechanism (e.g., Green & Myerson, 1996; Raineri
& Rachlin, 1993; Shefrin & Thaler, 1988). For example, an expected-value account proposes
that rewards are discounted because as the delay until a reward increases, the greater the risk of
not receiving the reward. That is, delayed rewards are less likely to be received than immediate
rewards, and as a result, delayed rewards are discounted accordingly. Extending the expected
value account to the magnitude effect observed with gains, it may be that the risk associated with
large rewards is less than that with small rewards (Myerson & Green, 1995). Alternatively, a
restricted-consumption model proposes that rewards are discounted because of the time
constraints imposed on the act of consumption, and the amount effect follows from the
assumption that large rewards take longer to consume than smaller rewards (Raineri & Rachlin,
1993; Rachlin, 1992). With respect to losses, there has been little speculation regarding the
involved processes. But the findings reported here give us reason to suspect that the mechanisms
underlying the discounting of losses will be somewhat different than those underlying the
discounting of gains.
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Table 1
Proportion of variance accounted for (R2) and parameter estimates for data fitted to a hyperbola (Equation 1) and a
hyperboloid (Equation 2) for small ($1,000) and large ($25,000) delayed outcomes. See text for more.
Group Median
$1,000

Median of Individuals
$25,000

$1,000

$25,000

Task

Equation

R2

k

s

R2

k

s

R2

k

s

R2

k

s

Gains

Hyperbola
Hyperboloid

.994
.999

0.0019
0.0035

0.67

.886
.976

0.0008
0.0071

0.31

.650
.881

0.0018
0.0095

0.29

.789
.907

0.0005
0.0046

0.36

Losses

Hyperbola
Hyperboloid

.392
.961

0.0003
0.0317

0.13

.000
.928

0.0003
0.2098

0.09

.000
.716

0.0007
0.1060

0.14

.000
.610

0.0002
0.1592

0.11
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Figure 1. Subjective value of monetary gains (top) and losses (bottom) as a function of the delay until
their occurrence. The closed circles and triangles represent the small and large gain, respectively. The
open circles and triangles represent the small and large loss, respectively. The curves depict the
hyperboloid (Equation 2) fitted to the data.
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Figure 2. Area under the curve for small (close circle) and large (closed triangle) gain, and small (open
circle) and large (open triangle) loss. Error bars represent ± 1 SEM.

